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Introduction
The standard treatment of patients with advanced epithelial ovarian cancer is a combination of primary surgery followed by chemotherapy. In the recent years it became clear that the goal of surgery is to achieve no macroscopic residual disease, since the survival of patients with no residual disease is superior to survival of patients with visible residual disease. 1 To achieve this goal, several aggressive surgical techniques have been proposed. Often multivisceral resections are performed (diaphragm resection, splenectomy, colon resection, extensive peritonectomy, etc.) 2 , which increase morbidity of patients.
Not all patients are candidates for primary surgery, either due to extend of their disease (unlikely to achieve no residual disease) or due to poor general condition (too ill to undergo an extensive operation). In this situation patients are treated with initial (neoadjuvant) chemotherapy, typically a combination of a platinum-based drug and a tax-ane. 3 Patients, who are treated with neoadjuvant chemotherapy, are more likely to undergo surgery with no residual disease than patients with primary surgery. 4 Therefore many authors believe that neoadjuvant chemotherapy is justified in order to have best chance to achieve a status of no residual disease. 4, 5 However, treatment with neoadjuvant chemotherapy has not yet been shown to provide better survival than treatment with primary surgery. 4, 6 It has been shown that survival of patients with stage III or IV who have no residual disease after primary surgery can be up to 50% at 10 years. 7 It is not known, if patients who achieve a status of no residual disease with neoadjuvant chemotherapy, have the same or equally good prognosis. There are data from one randomized trial which showed similar survival of patients treated with neoadjuvant chemotherapy to those treated with primary surgery, but, this study was criticized due to poor survival rates in both groups. 4 We compared the differences in the rates of no residual disease (R0 resection) after surgery and the differences in five-year and eight-year survival rates in patients treated with neoadjuvant chemotherapy or primary surgery in correlation to the extent of residual disease post-surgery.
Methods

Patients
We retrospectively reviewed the records of patients who were treated with diagnosis of epithelial ovarian cancer at Institute of Oncology Ljubljana in the period from 1 st of January 2005 until 31 st of December 2007. During this period we identified 346 patients who were treated for epithelial ovarian cancer. Of these 160 patients had stage FIGO IIIC disease -they were eligible for analysis. Of the 160 eligible patients, 80 patients had neoadjuvant chemotherapy (NACT) and 80 patients had primary surgery.
Patients had primary surgery in seven different hospitals performed by many gynecologic surgeons. In all patients, hysterectomy, bilateral oophorectomy, infracolic omentectomy with limited peritonectomy was performed. In only few of the patients multivisceral resections (diaphragm resection, splenectomy, colon resection, extensive peritonectomy) were performed -therefore no comparison between different surgical techniques outcomes was carried out.
In the NACT group 40% of patients received platinum and taxane therapy (paclitaxel 175mg in 3h i.v. infusion and carboplatin AUC 6 i.v. infusion) and 55% of patients received carboplatin (AUC 6) monotherapy before surgery. Post-surgery all patients received 3 additional cycles of chemotherapy -the same regimen as in neoadjuvant setting. Median number of cycles in NACT group was 7 (range 1-13).
Of the 80 patients, who had primary surgery, 82% of them received platinum and taxane therapy (paclitaxel 175mg in 3h i.v. infusion and carboplatin AUC 6 i.v. infusion), 16% of patients received carboplatin (AUC 6) monotherapy. Median number of cycles of chemotherapy was 6 (range 1-9). All patients were treated with chemotherapy at Institute of Oncology Ljubljana by medical oncologist specialized for gynecologic oncology.
Reasons given for NACT included extent of disease (50%), co-morbidities (10%), and poor performance (40%). For patients who had NACT, stage was established by combination of clinical examination, imaging (US, CT of abdomen), cytology and biopsy. For patients who were treated with primary surgery, stage was established by intraoperative examination and review pf pathology reports. The extent of residual disease was based on the diameter of the single largest lesion. Patients without macroscopic evident residual lesions had R0 resection, patients with less than 10 mm residual lesions had R1 resection, patients with residual lesions of 10 mm or more had R2 resection.
Our retrospective study was approved by the Institutional Review Board and Ethics Committee.
Analysis
We compared patients who had NACT with those who had primary surgery for a range of clinical variables. The extent of residual disease post-surgery was measured. We observed the differences in the rates of no residual disease after surgery, differences in progression free survival (PFS), overall survival (OS) and in five-year and eight-year survival rates in patients after various treatments. Patients were followed from the date of diagnosis until death from ovarian cancer, death from another cause or lost from follow-up.
The primary endpoints were OS, five-year and eight-year survival rates. The secondary end points were R0 resection rates and PFS.
Survival curves were calculated by KaplanMeier's method. Univariate and multivariate analyses using log-rank test and Cox's regression model were used for the assessment of the factors associated with OS and for comparison of factors between patients who had NACT with those who had primary surgery. Quantitative variables were compared using Student or the Wilcoxon test. Categorical variables were compared using Chisquare test. The differences were considered statistically significant if the p values were less than 0.05. Software package SPSS 15.0 for Windows was used.
Results
We analyzed 160 patients with stage IIIC epithelial ovarian cancer who were treated at Institute of Oncology Ljubljana in the period from 1 st of In patients treated with NACT higher rates of R0 resection were observed (42% vs. 20%; p < 0.001) and lower rates of R2 resection rates (14% vs. 57%; p < 0.001) compared to patients who had primary surgery. After NACT in 21% of patients disease remained to be inoperable.
Median PFS of patients was 14.1 months after NACT and 17.7 months after primary surgery (Figure 1) . The difference was not statistically sig- Figure 2) . The difference was statistically significant (p = 0.012).
Five-year and eight-year survival rates of patients after different surgical outcomes are shown in Table 2 . Patients treated with primary surgery had superior five-year and eight-year survival rates in all types of surgical outcomes compared to patients treated with NACT. Five-year and eight year survival rates were 62.5% and 62.5% vs. 20.6% and 17.1% after R0 resection (p < 0.001), 38 .9% and 27.8% vs. 16.7% and 11.1% after R1 resection (p < 0.001) and 15.5% and 0% vs. 0% and 0% after R2 resection (p < 0.0001), respectively. Survival curves of patients after different surgical outcomes are shown in Figure 3 .
Univariate analysis showed that factors associated with survival were: performance status according to WHO (p < 0.0001), extent of residual disease (p < 0.0001), primary surgery (p = 0.012) and age (p = 0.008) ( Table 3) .
We conducted multivariate survival analysis using Cox's regression model. The following prognostic factors in the multivariable model: patient age at diagnosis (< 60 vs. ≥ 60 years); extent of residual disease (R0, R1, R2); chemotherapy (NACT vs. primary surgery); performance status according to WHO (0 or 1 vs. > 1) and histopathological subtype (high grade serous vs. other) were entered. Patients treated with primary surgery had better survival also on multivariate survival analysis. Besides that, other independent predictors of survival were extent of residual disease and performance status (Table 4 ).
Discussion
Our results show that treatment with NACT doubles the chance to have no visible residual disease (R0 resection) post-surgery compared to primary surgery in patients with stage IIIC epithelial ovarian cancer (42% vs. 20%). This is in concordance with already published studies. 4, 5 Despite higher rates of R0 resections achieved by NACT, survival of patients treated with NACT was inferior to survival of patients who underwent primary surgery by almost 7 months (24.8 months vs. 31.6 months). Even in patients who had R0 resection post-surgery, there was a huge difference in probability to be fiveyear or eight-year survivor in favor of primary surgery. Patients with R0 resection at primary surgery had three-fold higher rates of five-year and eightyear survival rates than patients with R0 resection after NACT (62.5% vs. 20.6% and 62.5% vs. 17.1%, respectively). Our results are in concordance with many authors who reported similar results with inferior overall survival of patients after NACT despite higher rates of optimal debulking surgery. [5] [6] [7] [8] There have been published results of a randomized trial which showed similar survival of patients treated with NACT to those treated with primary surgery, but, this study was criticized due to poor survival rates in both groups. 4 The limitation of our study was, that this was not a randomized trial, therefore at least to some extent the difference in the outcomes for the different groups might be the result of an imbalance in the baseline characteristics. Patients who received NACT were more likely to have more extensive disease at diagnosis than patients who had primary surgery, and therefore it was expected to do relatively worse. Patients who received NACT were almost five years older (64.8 years vs. 60.2 years), had more co-morbidities and had worse performance than patients who had primary surgery. Half of the patients who received NACT did not receive combination of taxane and carboplatin chemotherapy due to poor performance or co-morbidities, whereas vast majority of patients received combination of taxane and carboplatin after primary surgery. Multivariate analysis showed that independent predictors of survival were primary surgery, performance status and extent of residual disease. Therefore, a profound differences in survival among patients after R0 resection (and also R1 resection) between primary surgery and NACT can be at least to some extend explained by factors, other than disease itself.
Authors believe that it is improper to compare survival of patients who had R0 resection at primary surgery to patients who had R0 resection after prior NACT if the patients are not balanced regarding performance status, age, comorbidities, etc. It is like comparing apples with oranges.
It is not just the extent of the disease at diagnosis that is important for prognosis. The biology of the disease may also play an important role. At the moment there are no biologic markers that would help us to choose the best treatment strategy for patients with advanced epithelial ovarian cancer. It is known that the most common histologic type of epithelial ovarian cancer, high grade serous adenocarcinoma, is sensitive to chemotherapy, while other histologic types such as clear cell and mucinous ovarian cancer are resistant to chemotherapy. In the last years much effort has been done in discovering of predictive and prognostic molecular markers with molecular profiling of epithelial ovarian cancer. Recently published data have shown that at least three molecular subtypes of high-grade serous ovarian cancer exist, which may have different predictive and prognostic values in systemic treatment of patients with advanced epithelial ovarian cancer. 9 At the moment there is still no consensus regarding the use of NACT. The lack of consensus on who are candidates for NACT was reflected at the fourth Gynecologic Cancer InterGroup (GCIG) consensus conference. 10 While the majority of attendees felt that NACT was a standard option for all patients with advanced epithelial ovarian cancer, others felt that NACT should be offered to a more clearly defined subgroup of women in whom upfront surgery is contraindicated. The decision on whether to treat with NACT is based on the clinical status of the patient and whether or not disease is resectable at the time of presentation. Therefore, all patients require clinical staging. There are widely accepted criteria for unresectability.
11 It is often difficult to preoperatively assess whether patients with advanced epithelial ovarian cancer can be optimally cytoreduced at the time of primary surgery. 12 Therefore, many authors perform a staged surgical assessment for these patients and perform a diagnostic laparoscopy to further evaluate for resectability. If the surgeon conducting the assessment feels disease is resectable, primary surgery should be performed. If complete resectability is unlikely, NACT can be administered.
Despite better overall survival of our patients who had primary surgery, two-thirds of patients in this group had R2 resection (> 1 cm residual disease) which is considered as a sub-optimal resection. These patients had five-year survival rates of only 15.5% with none being alive at eight years post-surgery. In NACT group there were only 14 % of patients with R2 resection. We believe that the main reason for high rate of R2 resections at primary surgery was that primary surgery was performed in different hospitals mainly by surgeons not skilled with principles of oncology surgery, whereas all patients who had NACT underwent surgery provided by surgeon experienced in oncology. There are convincing data showing that surgical expertise plays a major role in outcome of patients with advanced epithelial ovarian cancer. In multidisciplinary cancer centers with advanced expertise in gynecologic oncology, optimal debulking rates in excess of 70% have been reported even for patients with bulky stage IIIC disease. 7 Therefore, it is strongly recommended that a gynecologic oncologist must be involved in surgical decision making and treatment in these circumstances.
We believe there is enough evidence that in operable disease primary surgery with aim of no residual disease should be performed, since this offers best possible survival of patients with stage IIIC epithelial ovarian cancer. 1 Of course patients must be fit enough for surgery, in which often multivisceral resections are needed with intention to achieve no residual disease post-surgery, which increase morbidity of patients. 2 The NACT should only be offered to patients who are not candidates for primary surgery for whatever reason (advanced disease, poor performance, comorbidities, etc.). The aim of NACT should be to convert inoperable advanced disease to operable disease with goal to achieve optimal debulking (R0 resection). We believe that in patients with advanced epithelial ovarian cancer the aim of treatment should not only be the survival benefit but also the improvement in quality of life. Latter can be achieved by direct effect of chemotherapy on downsizing tumor burden, which offers higher chance for improvement in performance by lessening of the disease symptoms, offers higher chance to achieve optimal debulking at surgery, with less postoperative complications. 4, 5, 13 Since this was a retrospective study, a comparison of the quality of life between patients treated with NACT or primary surgery was not performed.
One of the remarks towards NACT was that patients who started their treatment with NACT never had the chance for complete or optimal cytoreductive surgery. Since 48% of patients who received NACT in our study population were not candidates for radical or ultraradical surgical procedures as a result of poor performance status or comorbidities, they should probably be excluded from comparison with patients who were capable to undergo primary surgery. Perhaps the survival of patients who had NACT, but were otherwise fit for primary surgery, should be compared to survival of patients who had suboptimal primary surgery (R2 resection), thus comparing different treatments for similar burden of the disease. If we compare these two groups of patients we can see that five-years survival rates in NACT group with R0 or R1 post-surgery (NACT-R0 and NACT-R1) were somewhat higher compared to patients who had R2 resection at primary surgery (20.6% after NACT-R0 surgery, 16.7% after NACT-R1 surgery and 15.5% after R2 primary surgery), the difference was not statistically significant.
To conclude, our results show that treatment with NACT doubles the chance to have no visible residual disease (R0 resection) post-surgery compared to primary surgery in patients with advanced (stage IIIC) epithelial ovarian cancer. Despite higher rates of R0 resections achieved by NACT, survival of patients treated with NACT was inferior to survival of patients who underwent primary surgery by almost 7 months. Therefore we strongly believe that NACT should only be offered to patients with advanced epithelial cancer who are not candidates for primary cytoreductive surgery, or when the disease is unresectable after staged surgical assessment performed by oncology surgeon.
